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ABSTRACT 

A new mechanism for the pp —>■ ppn^ reaction close to threshold is 
suggested coming from the isoscalar excitation of the Roper and its 
decay into N{tttt) s_y,avei with one of the 7r° emitted and the other one 
reabsorbed on the second nucleon. The mechanism can lead to impor¬ 
tant interference with other mechanisms and, together with experiment, 
serves to exclude large ranges of the 2tt N* decay parameters allowed 
by the N* partial decay widths. 
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1 Introduction 


The large discrepancies between early calcnlations of the pp —^ ppir^ cross section close to 
threshold, based on the one body mechanism and the rescattering term i, Bi i, and 
the experimental data U § have stimnlated farther work looking for a solntion to the 
puzzle. Short range contributions associated to the isoscalar excitation of negative energy 
components on the nucleons were suggested as a possible explanation of the puzzle 0, ^ 
and similar ideas using exchange currents with heavy mesons have also been discussed 0 . 

It was soon realized m that because the rescattering process involves the isoscalar 
7tN amplitude around threshold, and this amplitude is abnormally small on shell, off shell 
effects should be relevant since the ttN amplitude appears there half off shell. Quanti¬ 
tative evaluations were done in using two different off shell extrapolations in order 


to estimate uncertainties and it was shown that the use of the off shell extrapolations 
enhanced appreciably the cross section and could by itself explain the data. Further work 
along these lines was done in improving on the small one body mechanism and using 
a different off shell extrapolation obtained from one version of the Bonn meson exchange 
model for the ttN interaction ig. 

The works of |g and [|g share many things in common, with quantitative differences 
mostly due to the different off shell extrapolations used. In both cases a substantial 
increase of the cross section is found due to off shell effects (smaller in ref. [|T^), together 


with a constructive interference between the one body and the rescattering terms. 

The realization that QCD at low energies can be effectively taken into account by 
means of effective chiral Lagrangians []^ has led to the developments of Chiral Pertur¬ 
bation Theory (yPT) [^, |^, |^, |T^, providing, in principle, and ideal tool to tackle the 


problem of the off shell extrapolation in the pp —> ppn^ process. This has led to some 
work along these lines p, ^ with a main common feature, with respect to Big, 
which is the negative interference between the one body and rescattering terms, opposite 
to the findings of |^, |^. Another difference is the small cross sections obtained along 
these lines. This approach has been further revised in |^| where the authors note that 


several approximations done in the coordinate space treatment of former chiral approaches 
induced large uncertainties. The improved work of in momentum space produces a 
much larger rescattering term and consequently larger cross sections. Yet, the interference 
between the one body and rescattering terms is negative as in former approaches. 

Further clarifications on the chiral approach appear in the recent paper which 
concludes that present xPT calculations are not yet at the level of providing quantitative 
results for the rescattering term. The large size of the momentum involved in the half 
off shell nN amplitude requires the evaluation of higher loops, and their corresponding 
counterterms. Actually, an accurate evaluation of this amplitude might as well require the 
use of non perturbative unitary techniques with coupled channels, as done in ^ 


A very accurate description of K~p scattering going to K~p, K^n, S’''7r“, and Avr'^, 

together with the dynamical generation of the A(1405) resonance below K~p threshold 
was obtained in these works. One of the findings of was the relevance of including 
the pK and pTP channels in the approach, even if they are not open at low K~ energies, 
with some cross sections increased by a factor three due to the inclusion of these channels. 
This hints that the inclusion of coupled channels in the ttN interaction might be relevant 
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even at pion threshold. Another resnlt in was the realization that SU{3) symmetry, 


in the limit of eqnal masses, is broken nnless all conpled channels from the octets of 1/2+ 
baryons and 0“ mesons are included in the coupled channel approach. 

In this case pionic loops. 


Further work along the lines of yPT is carried out in 


including two pion exchange diagrams that might simulate a exchange decaying into two 
7r°, one of which is emitted and the other one reabsorbed into the second nucleon, are 
included. An excellent agreement with experiment is claimed, even when the one body 
term is excluded. The same occurs in a OBE model by the same authors which explicitly 
accounts for the mechanism described above 12711, which leads the authors to claim that 


this is the basic mechanism describing the process, irrespective of the formalism chosen. 
Other OBE models, not including that latter mechanism also claim to reproduce the data 
for NN —>■ NNti in different isospin channels [p^ . 

Undoubtedly much progress is being made, but the main conclusion might be that the 
process is more complicated than originally thought and that much work remains to be 
done. 

The present work calls the attention on new mechanisms, not yet explored, and that 
could be relevant for the pp —> ppir^ reaction, when considered in connection with the 
rescattering term, due to interference. The mechanism is related to Roper excitation 
and its decay into A^(7r7r)^^^g^yg. This mechanism is present in most 27r production 
processes around threshold, nN —> imN [p^, |^, jN —> tittN [pl| and NN —>■ NNutt 
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In this latter process this mechanism is by far the dominant one around threshold 
in pp —> pp7r+7r“, ppir^ir^, where the two pions can be in J = 0 and, within uncertainties, 
the agreement with data is acceptable. This gives us some conhdence about the size of 
the mechanism evaluated here which corresponds to the dominant one for pp —>■ ppTi^TT^ 
in which one 7r° is emitted and the other one reabsorbed on the second nucleon. 

2 Isoscalar Roper excitation in the NN NN* reac¬ 
tion 


The clean experimental signal for A^*(1440) excitation in [a, a') collisions on a proton 
target provided evidence of a strong isoscalar excitation of the Roper in N N collisions. 
The experiment was analyzed in by means of a model which included A excitation in 
the projectile (£g. la) together with Roper excitation on the target (£g. lb), including 
the interference of both terms (for the part of N* Nn). For the isoscalar excitation of 
the Roper in diagram lb an empirical amplitude was constructed assuming an effective 
“cr” exchange (although in a more microscopical picture it would be a combination of a 
and u exchange). This effective a was assumed to have the same coupling to NN as in 
the Bonn model |35[ while the coupling to NN* was fitted to the data. The couplings 
used were 


9aNN 


= 5.69 


9aNN* 


, , = 1-33 ( 1 ) 

dvr dTT 

and a monopole form factor with A^- = 1.7 GeV together with nia = 550 MeV, as in 

0 were used. With this input, which contains g^NN* as the only parameter, a good 


reproduction of the data of [p3| was obtained. 
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In the NN —>■ NNiin reaction studied in 
excitation was used and the diagrams of £g. 
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the same input for the isoscalar Roper 
together with the corresponding ones 


with N* excitation on the hrst nucleon, plus 13 other mechanisms, including A excitation 
and chiral terms, were used. Contrary to the case of the {a, a') reaction where only the 
isoscalar exchange is allowed, here we can also exchange an / = 1 object, but is was shown 
in 1^1 that the strength of the isoscalar exchange was much larger than the corresponding 
one with / = 1, so here only the isoscalar excitation is considered. The results of |3^ 
showed that in the pp —>■ pp'K^'K~ and pp —>■ ppir^ir^ reactions the mechanisms of £g. 2 
with N* —»• N['K'K)lZwave dominated the cross sections close to threshold, where the other 
mechanisms either vanished or became very small. 

With all this previous work described, there is then a clear mechanism which could 
be relevant for pp —>■ ppn^ close to threshold and this is the one depicted in £g. 3, which 
corresponds to the same mechanism of fig. 2 for 27r° production, where one of the pions 
is reabsorbed on the hrst nucleon, giving rise to the box diagrams of the hgure. This is 
the mechanism which we evaluate in the next section. 


3 Box diagram with isoscalar N* excitation 

For the evaluation of the box diagrams of fig. 3 we need the following Lagrangians: 
C-app{x) = QaNN Tp(x)Tp(x) a{x) 


^TT^ppix^ 


fnNN 




Tp(a;)7^75Tp(a;) df,7i°{x) 


CapN*{x) = QaNN* ^ N* {x)^ p{x) a{x) + h.C. 
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mi - 


^7T0n0pN*ix) = ginnNN* Tat*( a;)Tp(a;) 7r^(a;)7r‘^(a;) 


f-, 


+ 92 -k-kNN* ^ TAr.(a:)Tp(a;) d^'K^{x) d^'K^{x) + h.c. 


50 ^ 0 / 


f2 
J 'I 


( 2 ) 


The lagrangian {x) , with the second piece in its Lorentz covariant form, was 

hrst used in ref. to evaluate the decay A* (1440) —>• N{ti'k)s- In the couplings 
Qi-kttNN* and g 2 TnTNN* are called respectively —cl and —c^. In this latter lagrangian we 
have set the energy of the Roper equal to its mass with respect to the formal one written 


m 


30[|. This is a good approximation in the present case. In that lagrangian stands 


for the pion decay constant /tt = 92.4 MeV. 

The couplings gimrNN* and g 2 mTNN* are not fully known. The main constraint to their 


values comes from the study of the decay A* (1440) — N{7r7r)s- In ref. ||^ it is found 
that: 


'^N(TTn)s Oi T /35'27r7rAf7V* T b gimrNN* g2nnNN* 


( 3 ) 


where a = 0.497 10 ^ GeV^, (5 = 3.66 10 ^ GeV^ and 7 = 2.69 10 ^ GeV^. For FAr( 7 r,r)s 
they use a branching ratio of 7.5% and a total width of 350 MeV. The above ellipse is 
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not able by itself to fix both parameters and in fact, as seen in fig. 4, it spans over a 


large range of values. Further constraints were obtained in ref. from an analysis of the 
7 r“p —> 7r+7r“n reaction data. Within the model used the experiment seemed to favour 
intermediate values in the ellipse. We also point out here that in ref. the signs of 
both giTT-KNN* and g 2 mTNN* are taken to be the same as the ones for the corresponding 
couplings in the NNmr vertices. In this paper we will leave open the possibility for a 
different signs assignment. 

The net contribution of the four diagrams to the invariant amplitude is given by 


A4 — —2i gaNN gaNN* 


fwNN f 




( 2 vr) 


( gimrNN* — g2inTNN* 


f2 
J TT 


X D^{q) D„{p 3 -Pi-q) {F^{q)f {F^iPs - Pi - q)f 

X UsuiPz) {l^lbSp{pz -q) + Sp{pi + g)7''75) n^i(pi) 

X {Usa{Pa)Sn* {Pa + Ptt + q)Us2{P2) + Usa{Pa)Sn* {P2 - P-n 
+ ( exchange diagrams ) 


q)us2{p2)} 


( 4 ) 


where we have included monopole form factors Fk and Fk for each of the sigma and pion 
vertices. For the latter we use A^r = 1.25 Geld. For the nucleon and Roper propagators 
we will take the positive energy part alone through the decomposition: 


S{p) = 


1 F^(p) 7°—p7 + m 1 E{p)'j^ + pj + m 


+ 


2E{p} p^ — E{p}+ie 2E{p) p^ + E{p)+ie 


( 5 ) 


Due to energy denominators the positive energy part (first term in eq. (5) ) should give, 
and in fact does, the dominant contribution to the amplitude. 

The Roper contribution will be included on top of the rescattering term. As we 
will see the relevance of the Roper mechanism might show if not as a large absolute 
contribution yes with a large interference with the rescattering term. For the evaluation 
of the rescattering term we follow ref. [O. We shall use the Ai parameter due to Hamilton 


which for the half off-shell situation that we encounter here gives a larger value than 
the on shell = 0.0075. In our case 




- (1 + e) 


^sr 




ml - {q + p-nY ^ 


with e = m^^/M being M the nucleon mass, a^ = 0.220m^^, 
mcr = 550 Meld. Note the q here has opposite sign to the one in ref. IH 


( 6 ) 


= —0.233m.., ^ and 


The complex structure of the amplitude in eq. (4) makes the evaluation of Final/Initial 
State Interactions Effects (FSI/ISI) a really hard task. We will not attempt here such 
a calculation and will content ourselves with the evaluation of the cross section without 
FSI/ISI. With these effects being very important near threshold, we can not make strong 
statements about the exact role played by the new mechanism but our hope is that we 
can get at least an indication of its relevance. 
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4 Results, discussion and conclusion. 


In the following we show and comment the theoretical results obtained with different sets 
of values for giTr-KNN* and g 2 TnTNN*- 

In Table 1 we use giirwNN* = 7.27 GeV~^ and g 2 -K-KNN* = 0 which are the values favoured 
in the analysis of ref. |^. As we see, the contribution of the Roper mechanism is by itself 


very small. The rescattering contribution alone is also small but, as shown in ref. |11 


in this case FSI/ISI would bring theoretical predictions into a fairly good agreement with 
experimental data. When one takes the Roper and the rescattering terms together the 
interference gives a reduction of the rescattering prediction by roughly a factor of three. 
Thus, and although the Roper contribution alone is too small, the net effect is, through 
interference, to reduce signihcantly the contribution of the dominant rescattering term. 

In Table 2 we use giT,T,NN* = 12.7 GeV~^ and g 2 mTNN* = —1.98 GeV~^. This set of val¬ 
ues is quoted in ref. as compatible with the experimental errors in the 'K~p —>■ 7r~^7r~n 
reaction. Now the contribution of the Roper mechanism is comparable, though smaller, 
to the one of the rescattering term. The interference between the two is destructive and 
the net result is a very small cross section compared to the data. 

In Table 3 the results shown correspond to gi-j^rNN* = —12.7 GeV~^ and g 2 TnrNN* = 
1.98 GeV~^ . This is as before but with opposite signs. Now the interference is construc¬ 
tive and the results at some energies are bigger than the data. 

In Table 4 we have gimrNN* = 0 and g 2 mTNN* = 2.678 GeV~^ . The contribution of the 
Roper mechanism is very small but again the interference increases the results obtained 
with the rescattering term. 

One can also choose a set of values for which the Roper mechanism alone overwhelms 
the data. This is done in Table 5 where we have used gi-KTTNN* = —95.74 GeV~^ and 
g 2 mTNN* = 34.61 GeV~^ corresponding to one of the extremes of the ellipse. One would 
not expect FSI/ISI effects to bring the results closer to experiment in this case and such 
extreme situations have to be discarded. In fact these extreme cases are also excluded by 
the analysis of the 7r“p —7r’''7r“n reaction. 

We mention once again that we are not including FSI/ISI effects in the calculation. 
Thus, all the results presented here have to be taken with due caution as we know these 
effects are very important. 

In spite of that crude approximation, we think that from the above results it emerges 
the fact that the Roper mechanism introduced here can be relevant for the understanding 
of the pp — ppn^ reaction. Even for the cases where the Roper contribution alone is too 
small, the interference with the dominant rescattering term is important. This situation 
is reminiscent of the role played by the Born or one-body term considered in calculations 
where FSI/ISI are included. 

The second teaching of these calculations, is that, even at the qualitative level that we 
have analyzed the reaction, one can certainly exclude a wide range of values of gi-^nMN* 
and g 2 mTNN* of the ellipse of £g. 4 allowed by the N* decay into two isoscalar s-wave 
pions. It is clear that the values situated towards the extreme of the ellipse can easily 
be discarded and only values around the origin could be compatible with experiment, 
provided other mechanisms give sizeable contributions to the reaction. It is rewarding to 
see that such conclusions are in agreement with hndings in ref. coming from a more 
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detailed analysis for the ttN ttttN reaction. 

A more quantitative analysis of the mechanism discussed would be advisable although 
the FSI/ISI corrections would require lengthy calculations. At the present time, where 
so many different mechanisms are suggested, most of them claiming an explanation of 
the experiment, we feel that it suffices to show that this mechanism is there and that its 
interference with other mechanisms can completely change the results obtained ignoring 
it. With our knowledge about this reaction increasing with time and different mechanisms 
settling down on a hrm basis, a future detailed study taking all these mechanisms into 
consideration would be an interesting task to tackle. 


Acknowledgements: This work has been partly supported by DGICYT, contract no. 
PB96-0753 and Junta de Castilla y Leon contract no. SA73/98. 


7 



References 

[1] D. D. Koltun and A. Reitan, Phys. Rev. C141 (1966) 1413 

[2] J. M. Laget, Phys. Rev. C35 (1987) 832 

[3] G. A. Miller and P. U. Sauer, Phys. Rev. C441 (1991) R1725 

[4] J. A. Niskanen, Phys. Lett. B289 (1992) 277 

[5] H. O. Meyer et ah, Phys. Rev. Lett. 65 (1990) 2846; Nucl. Phys. A539 (1992) 663 

[6] M. Drochner et ah, Phys. Rev. Lett. 77 (1996) 454; C. Heimberg et al., Phys. Rev. 
Lett. 77 (1996) 1012 

[7] T. S. H. Lee and D. O. Riska, Phys. Rev. Lett. 70 (1993) 2237 

[8] C. J. Horowitz et al., Phys. Rev. C49 (1994) 1337 

[9] U. van Kolck, G. A. Miller and D. O. Riska, Phys. Lett. B388 (1996) 679 

[10] F. Hachenberg and H. J. Pirner, Ann. Phys. (N. Y.) 112 (1978) 401 

[11] E. Hernandez and E. Oset, Phys. Lett. B350 (1995) 158 

[12] G. Hanhart, J. Haidenbauer, A. Reuber, G. Schiitz and J. Speth, Phys. Lett. B358 
(1995) 21 

[13] G. Schiitz, J. W. Durso, K. Holinde and J. Speth, Phys. Rev. G49 (1994) 2671 

[14] S. Weinberg, Physica A96 (1979) 327; J. Gasser and H. Leutwyler, Ann. Phys. (N. 
Y.) 158 (1984) 142 

[15] J. Gasser and H. Leutwyler, Nucl. Phys. B250 (1985) 465, 517, 539 

[16] A. Pich, Rep. Prog. Phys. 58 (1995) 563 

[17] G. Ecker, Prog. Part. Nucl. Phys. 35 (1995) 1 

[18] U. G. Meissner, Rep. Prog. Phys. 56 (1993) 903 

[19] B. Y. Park, F. Myhrer, J. R. Molones, T. Meissner and K. Kubodera, Phys. Rev. 
G53 (1996) 1519 

[20] T. D. Gohen, J. L. Friar, G. A. Miller and U. van Kolck, Phys. Lett. B388 (1996) 
679 

[21] T. Sato, T. S. H. Lee, F. Myhrer and K. Kubodera, Phys. Rev. G56 (1997) 1246 

[22] G. Hanhart, J. Haidenbauer, M. Hoffmann, U. G. Meissner and J. Speth, Phys. Lett. 
B424 (1998)8 



[23] N. Kaiser, P. B. Siegel and W. Weise, Nucl. Phys. A594 (1995) 325 

[24] N. Kaiser, T. Waas and W. Weise, Nncl. Phys. A612 (1997) 297 

[25] E. Oset and A. Ramos, Nucl. Phys. A635 (1998) 99 

[26] E. Gedalin, A. Moalem and L. Razdolskaya, |nucl-th/9803029| 

[27] E. Gedalin, A. Moalem and L. Razdolskaya, |nucl-th/980302^ 

[28] R. Shyam and U. Mosel, Phys. Lett. B426 (1998) 1 

[29] E. Oset and M. J. Vicente-Vacas, Nucl. Phys. A446 (1985) 584 

[30] V. Bernard, N. Kaiser and U. G. Meissner, Nucl. Phys. B457 (1995) 147 

[31] J. A. Gomez-Tejedor and E. Oset, Nucl. Phys. A571 (1994) 667; ibid. A600 (1996) 
413 

[32] L. Alvarez-Ruso, E. Oset and E. Hernandez, Nucl. Phys. A633 (1998) 519 

[33] H. P. Morsch et ah, Phys. Rev. Lett. 69 (1992) 1336 

[34] S. Hirenzaki, P. Fernandez de Gordoba and E. Oset, Phys. Rev. G53 (1996) 277 

[35] R. Machleidt, K. Holinde and Gh. Elster, Phys. Reports 149 (1987) 1 

[36] G. Hamilton, High Energy Physics, ed. E.H.S. Burhop, Vol. 1 (Academic Press, New 
York 1967) p.l94. 


9 






Table 1: Cross sections for the pp ppir^ reaction evaluated for different values of 
P = Ptt max/m^- Here = 7.27 GeV~^ and g 2 n 7 TNN* = 0 (Point 1 in fig. 4). We 

show results for the Roper mechanism alone {<JRoper), rescattering alone {<JReseat.), and the 
full calculation((Troiai)- Hor comparison we also show experimental data taken from ref. 
[5] All cross sections are in microbarns. 


T] 

^ Roper 

^Reseat. 

otal 

^ Exp. 

0.203 

o 

1 

to 

0.10 

3.7 10-^ 

0.70 ± 0.05 

0.306 

8.5 10-^ 

0.52 

0.19 

1.91 ± 0.05 

0.407 

0.26 

1.6 

0.56 

3.83 ± 0.11 

0.517 

0.65 

3.9 

1.4 

6.18 ± 0.20 


Table 2: Same as Table 1 but with pimrNN* = 72.7 GeV ^ and g 2 -wKNN* = —1-98 GeV ^ 
(Point 2 in fig. 4). 


T] 

^ Roper 

^Reseat. 

otal 

^ Exp. 

0.203 

6.6 10“^ 

0.10 

4.2 10-^ 

0.70 ± 0.05 

0.306 

0.33 

0.52 

2.1 10-^ 

1.91 ± 0.05 

0.407 

1.0 

1.6 

6.1 10"^ 

3.83 ± 0.11 

0.517 

2.6 

3.9 

0.15 

6.18 ± 0.20 


Table 3: Same as Table 1 but with Pit^t^nn* = —12.7 GeV ^ and g 2 'n-KNN* = 1-98 GeV ^ 
(Point 3 in £g. 4). 


T] 

Roper 

^Reseat. 

otal 

^ Exp. 

0.203 

6.6 10-^ 

0.10 

0.33 

0.70 ± 0.05 

0.306 

0.33 

0.52 

1.7 

1.91 ± 0.05 

0.407 

1.0 

1.6 

5.1 

3.83 ± 0.11 

0.517 

2.6 

3.9 

12.8 

6.18 ± 0.20 
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Table 4: Same as Table 1 but with = 0 and g 2 nnNN* = 2.678 GeV ^ 

(Point 4 in fig. 4). 


T] 

Roper 

^Reseat. 

Total 

^Exp. 

0.203 

1.8 10"^ 

0.10 

0.13 

0.70 ± 0.05 

0.306 

9.1 10-^ 

0.52 

0.67 

1.91 ± 0.05 

0.407 

2.8 10-^ 

1.6 

2.0 

3.83 ± 0.11 

0.517 

7.3 10-^ 

3.9 

5.0 

6.18 ± 0.20 


Table 5: Same as Table 1 but with ginwNN* = —95.74 GeV ^ and g 2 mTNN* = 34.61 GeV ^ 
(Point 5 in fig. 4). 


T] 

^ Roper 

^Reseat. 

^ T otal 

Exp. 

0.203 

5.0 

0.10 

6.5 

0.70 ± 0.05 

0.306 

26 

0.52 

33 

1.91 ± 0.05 

0.407 

78 

1.6 

102 

3.83 ± 0.11 

0.517 

197 

3.9 

256 

6.18 ± 0.20 
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Figure 2 








